20 lbs, and fever for several weeks. She had received blood transfusion. CT scan revealed mild splenomegaly with maximum splenic length of 15.6 cm. PET scan demonstrated no hypermetabolic activity within the spleen. The CBC results showed WBC 11.5 K/μL, RBC 3.64 M/μL, Hgb 10.1 g/dL, HCT 29.2 %, MCV 80.3 fL, MCH 27.7 pg, MCHC 34.5 g/dL, RDW 18.5 %, and platelets 34 K/μL. Bone marrow and peripheral blood specimens were submitted to rule out MDS.
Case 3
A 77-year-old male presented with pancytopenia, night sweats, and fever for several weeks. The CBC showed WBC 2.5 K/μL, RBC 2.76 M/μL, Hgb 8.6 g/dL, HCT 25.7 %, MCV 93.3 fL, MCH 31.3 pg, MCHC 33.6 g/dL, RDW 17.7 %, and platelets 24 K/μL. A bone marrow study was performed to evaluate causes of cytopenia. CT scan showed no evidence of lymphadenopathy or hepatosplenomegaly. PET scan was negative.
Case 4
A 76-year-old female presented with lymphocytosis with no B symptoms. The CT scan was negative for lymphadenopathy and splenomegaly. PET scan was negative. The CBC indices showed WBC 54.8 K/μL, RBC 5.01 M/μL, Hgb 14.5 g/dL, HCT 44.2 %, MCV 88.2 fL, MCH 28.9 pg, MCHC 32.8 g/dL, RDW 14.9 %, and platelets 267 K/μL with a differential count of neutrophils 11.6 %, lymphocytes 81.6 %, monocytes 3.8 %, eosinophils 0.2 %, and basophils 2.8 %. Peripheral blood and bone marrow studies were performed to evaluate causes of lymphocytosis.
Results

Clinical features
The cases included three females and one male, with a median age of 73.5 years old. Three patients had no clinical evidence of lymphadenopathy or extranodal lymphoma. One patient had mild splenomegaly. None of the four patients had a known history of lymphoma.
Histopathology findings
All four cases showed hypercellular marrow with interstitial lymphocytic infiltrates. The infiltrating lymphocytes were small-to medium sized with a small amount of cytoplasm, slightly irregular nuclei, and inconspicuous nucleoli (Fig. 1a, b) . Large lymphocytes were not increased. The percentages of the lymphoma cells in the bone marrows were the following: case 1, 60 %; case 2, 80 %; case 3, 70-80 %; and case 4, 30-40 %.
Immunophenotypic features
Immunohistochemical stains of all four cases showed the infiltrating lymphocytes to be positive for CD3 and CD20, but negative for CD79a and PAX-5 (Fig. 1c, d ). Of the four cases, cases 1, 2, and 4 expressed CD4, whereas case 3 A B C D Fig. 1 displayed positivity for CD7 and CD8, with decreased CD5 expression. By six-color flow cytometric analysis, all cases expressed T-cell lineage markers and CD20 but were negative for other B cell-related antigens including CD19, CD22, and FMC7 ( Fig. 2 and Table 1 ). In cases 1, 2, and 4, the lymphoma cells were positive for CD2, CD3, CD4, and CD5, with two cases lacked or partially lost CD7 expression (Fig. 2) . The case three patient showed positive CD2, cytoplasmic CD3, CD7, and CD8, but negative for surface CD3 and CD5.
B-cell and T-cell gene rearrangement by PCR B-cell gene rearrangement studies were performed on cases 2 and 4. Both cases were negative for clonal B-cell gene rearrangement. T-cell gene rearrangement analyses were performed on cases 1 and 4. The first case showed no clonal T-cell gene rearrangement, while the case 4 was positive for both clonal T-cell beta and T-cell gamma gene rearrangements.
Epstein-Barr virus-encoded RNA in situ hybridization EBER was negative for all four cases by in situ hybridization.
Cytogenetic and fluorescence in situ hybridization analysis findings
Three of the four cases demonstrated clonal cytogenetic changes. Cytogenetic analysis of case 1 showed an abnormal female karyotype including a deletion of the long arm of chromosome 6 and a deletion of the short arm of chromosome 12. Fluorescence in situ hybridization (FISH) analysis of case 3 revealed trisomy 7 and trisomy 14q involving T-cell receptor 
NA not available alpha/delta locus. FISH analysis of case 4 showed deletion of 11q (ATM) gene.
Discussion
Expression of CD20 in T-cell lymphomas is a rare phenomenon that has been reported in the literature [8] [9] [10] . In previous reports, patients presented with lymphadenopathy, skin lesions, mediastinal masses, adrenal masses, gastric lesions, and pancreatic masses [11, 12] . In the current report, we describe four cases of CD20-positive T-cell neoplasms involving bone marrow with one case showing both bone marrow and peripheral blood involvements. Three patients had no clinical evidence of lymphadenopathy or tissue mass lesions. One patient had mild splenomegaly. Bone marrow examinations were performed to evaluate causes of cytopenia in three cases. In the fourth case, the bone marrow was performed because of leukocytosis. All four cases showed hypercellular marrow with interstitial lymphocytic infiltrates consisting of small-to medium-sized neoplastic lymphoid cells. The T-cell lineage of these cases was established by the presence of multiple T-cell markers including CD2, CD3, CD4, CD5, and CD7. In all cases, neoplastic cells were positive for CD20, but negative for other B-cell antigens as demonstrated by both immunohistochemistry as well as flow cytometry. Two cases tested for B-cell gene rearrangement showed no evidence of clonal B-cell gene rearrangements. Flow cytometric analyses demonstrated no evidence of monoclonal B-cell populations. All four cases were diagnosed as peripheral T-cell lymphoma, unclassifiable, according to the 2008 WHO Classification [13] . The diagnosis was based on the bone marrow morphology, aberrant T-cell antigens, clonal cytogenetic abnormalities, and in one case, with clonal T-cell gene rearrangement. Review of the literature revealed that CD20-positive T-cell lymphomas have also been described in cases classified as anaplastic large cell lymphoma, lymphoblastic lymphoma, angioimmunoblastic T-cell lymphoma, T-cell prolymphocytic leukemia, mycosis fungoides, adult T-cell leukemia/lymphoma, and peripheral T-cell lymphoma, not otherwise specified [11, 12] . The pathogenesis of CD20-positive T-cell lymphoma is not known. CD20 is a transmembrane protein with a molecular weight of 37 kD which was first identified as a B-cell marker in 1980 [14] . This protein appears early in B-cell development and remains through B-cell maturation to the plasma cell stage [15] . Therefore, this antigen has been regarded as a specific Bcell marker and has been used to designate B-cell lineage [16] . However, several reports have described small populations of T cells expressing CD20 in the peripheral blood and bone marrow in healthy individuals [17, 18] . Hultin and colleagues described dim CD20 expression on CD3-positive T cells comprising 2.4±1.5 % of peripheral blood lymphocytes [17] . It is possible that CD20-positive T-cell lymphomas may arise from the subpopulations of normal CD20-positive T cells that have undergone neoplastic transformation. An alternative hypothesis is that CD20-positive T-cell lymphomas represent an aberrant expression of CD20 as lineage infidelity. It is not uncommon for B-cell lymphomas to aberrantly express T cell-associated antigens, particularly CD5 and/or CD43. Such aberrant coexpression is often useful in distinguishing a neoplastic Bcell lymphoma from a reactive B-cell proliferation as well as in the subclassification of low-grade B-cell lymphomas [19] .
Little is known about the prognostic significance of CD20 expression in T-cell lymphoma. Review of published literatures showed that among 14 cases with clinical follow-up, relapse, refractory disease, disease progression, or deaths were documented in ten cases [11] . A recent report described a CD20-positive T-cell lymphoma with an indolent clinical course. The patient had recurrent enlarged lymph nodes for 12 years [20] . In our current study, two patients (cases 2 and 3) received chemotherapy with CHOP regimen and responded poorly to the treatment. Both patients deceased several months after diagnosis. One patient (case 1) did not receive treatment and lost follow-up. Case 4 was doing well without any treatment for lymphoma at 3 months after the initial diagnosis when this manuscript was submitted. These studies suggest that the underlying diagnosis of T-cell lymphoma is likely the more important pathologic determinant of clinical behavior of CD20-positive T-cell lymphoma. CD20 expression may not be an important determinant of the prognosis. However, further clinical studies are needed to evaluate prognostic significance.
CD20 is the molecular target for monoclonal antibody therapy with Rituximab [21] . Treatment with Rituximab currently plays a major role in the management of B-cell non-Hodgkin lymphomas and autoimmune disorders [21] . The expression of CD20 on T-cell lymphoma may provide opportunities for treating the patients with CD20-targeted monoclonal antibodies (Rituximab). Rahemtullah et al. reported three patients with CD20-positive T-cell lymphoma who received Rituximab in addition to other chemotherapy agents [11] . The first patient relapsed and died at 16 months, and the second patient had recurrent disease at 10 months. In both patients, the lymphoma cells lacked CD20 expression at relapse, which could be attributed to Rituximab administration. The third patient was alive and undergoing treatment at 6 months after the initial diagnosis. Due to the small number of reported cases, the potential therapeutic benefit of Rituximab treatment remains unknown.
In this report, we have described four cases of CD20-positive T-cell neoplasms involving bone marrow. Three patients demonstrated no clinical evidence of lymphadenopathy or extranodal lymphoma. Our studies suggest that bone marrow CD20-positive T-cell lymphomas may cause diagnostic difficulty. A combination of morphologic examination, immunophenotypic analysis with a broad panel of antibodies, and molecular studies is required to make a correct diagnosis. The recognition of CD20-positive T-cell lymphoma is important in providing appropriate therapy. Such aberrant antigen expression may be diagnostically useful in the detection of post-therapy minimal residual disease.
